In realizing yaw angle control tracking on AUV, the use of the State Dependent Riccati Equations method based on Linear Quadratic Tracking (SDRE-LQT) is realized. This algorithm calculates changes in yaw angle tracking problems through calculation of parameter changes from online AUV with Algebraic Riccati Equations.So that the control signal given to the plant can follow the changing conditions of the plant itself.
INTRODUCTION
The development of the Autonomous Underwater Vehicle (AUV) has expanded its functions, especially for dangerous underwater military tasks, such as surveillance, search and rescue. Not only for military tasks, AUV can also be used for scientific tasks, namely mapping underwater conditions, detecting oil resources, water maintenance and inspection, and underwater surveys [1, 2] .The main idea in designing a path following control is how to run AUV, so that it moves on a defined path [3] [4] [5] . Guidance functions as tracking control of a path in the geometry of space. The tracking control is based on cross track error which is the shortest distance between AUV and path [6] . The State Dependent Riccati Equation (SDRE) control strategy is well known and has become very popular among the control community lately, the use of this algorithm is very effective for addressing nonlinear feedback control problems by considering the nonlinearity state of the system In this paper, the AUV model used is a torpedo-shaped model. This model uses five actuators, namely two actuators for sterln, two actuators for rudder and one actuator to function as givers of thrust (Thrust).Although AUV has a simple structure, controlling the motion of AUV is not easy, it is because AUV has nonlinear characteristics, MIMO, uncertainty parameters [3] [4] [5] [6] [7] [8] . The uncertainty parameter of the AUV is a parameter in the dynamics of the AUV that changes with time (time varying). The change in dynamics over time is due to the characteristics of the design structure of the AUV, which is determined by the hydrodynamic forces when the AUV passes through a hydro (water) flow [8] [9] [10] .
Yaw angular direction is the main measure in regulating horizontal motion at AUV, the movement is defined through the steering equation [9] . The equation is used to define 2D horizontal motion. This definition is used to make it easier to calculate what state variables are needed in analyzing horizontal motion and is needed for the need for decreasing steering control laws [9] [10] [11] [12] . The reduction in the steering con-trol law is used to design the yaw angle tracking control on the AUV. The tracking control at the yaw angle is used to ad-just the direction of the AUV yaw angle to match the given yaw reference signal. The complexity in designing yaw angle tracking control due to the characteristics of the dynamics of AUV is a problem that is not easily solved, so it becomes a challenge for researchers to design it.
From the problems described earlier, we need a method to overcome the problem of nonlinearity and parameter uncertainty using SDRE control, but to be applied to the task in the form of geometry path, AUV requires tracking control in order to minimize cross track errors, the tracking control used is LQT with servo system structure 1.
Thus, this research will propose SDRE-LQT control on the GNC subsystem on AUV.
II.METHOD OF RESEARCH
The design of the AUV dynamics is transformed in the form of a matrix so that it can be simulated using matlab soft-ware, the design of the AUV dynamics and the overall design of the control system of the nonlinear model in the form of a matrix:
The results of the translation of the general equation of motion 6 degrees of freedom above, we get 3 equations for horizontal motion namely surge, sway and yaw.
(2.5)
Dynamics of AUV
At the design stage of AUV dynamics is done by modeling equations (2.1) and (2.2) in the form of a matrix. This modeling aims to determine the dynamics of AUV, so that it can simplify the design of the controller The first step is to substitute the equation of motion in equa-tions (2.3) to (2.5) with the force equation and external mo-ments in equations (2.6) to (2.8).Furthermore, the compo-nents of linear and angular acceleration and linear and an-gular velocity on the earth axis framework are denoted by (u ,v ,w ,p ,q ,r ,x ,y ,z ,φ ,θ ,ψ ) equations (2.3) to (2.5) and (2.6) to (2. 8) , so that if substituted can be seen in equation (2.9) -( 2.11), i.e.
The 
Control System Design
The controller used in this study is the State Dependent-Linear Quadratic Tracking (SD-LQT) which is applied to control the yaw angle in carrying out the steering motion.When AUV makes a steering motion, not only does the axis change, but it also causes changes in other angles (pitch and roll), because this plant uses a full state model, which is 12 states.
The control used to control steering motion in this study is the State Dependent-Linear Quadratic Tracking (SD-LQT). The SDRE controller design can be seen in Figure 2 . In the mathematical model calculation, the state space equation is obtained as in Equation (2.16), then to get the equation (u ˙, v ˙, r ˙) , it is obtained by dividing the state equation by the coefficient of the acceleration referred to in Table ( The design of SDRE-LQT control is based on the structure of servo 1 system, from the AUV dynamic equation (2.30) above, the linearization process using Jacobi matrix in equation (2.27) in the design of SDRE-LQT control uses servo 1 system,then state augemented must be made, so that figure 2 in closed loop form can be stated in the form of state augemented equation 
After we get the ̃(̃) and ̃(̃) matrix values, the next step is to determine the appropriate and weighting matrices in order to get the correct gain feedbackand control signal. The selection of and matrices serves to minimize the Performance Index, as in Equation (2.32).
̇=̃(̃)̃+̃(̃) (2.29)
Then with the matrix and , the next step is to solve the SDRE equation shown in Equation (2.33). 
III. RESULTS
This chapter discusses the results obtained from several different tests including the step system response.The purpose of testing the step response is to determine the system quality measurement. Testing is done by providing a reference signal in the form of a step signal.The step reference signal in this study uses the value of rudder deflection of 0.78 rad.
Respons Step of Systems with SDRE-LQT
The purpose of testing the step response is to determine the system quality measurement. Testing is done by providing a reference signal in the form of a step signal. The step reference signal given in this study uses the value of the maximum rudder deflection of 0.78 rad.
[ Figure 3 about here.]
The step response angle yaw is shown in Figure 3 . This is indicated by a time constant value of τ = 1.9904seconds.System response is also not too late to the input, there is only a delay of about =1.3793 seconds.The system response has appeared intact in an interval of about = 5.860seconds.It only takes a little time for the response to be around the steady state value, = 5.9703seconds.However, there is overshoot in transient conditions, with a maximum overshoot value of = 9.35 %.In addition, the designed control system is also able to bring the system output according to the reference, which is 0.78 rad with a steady state error value = −0.01282 %.
[ Figure 4 about here.] Figure 4 shows the step angle response of the pitch. This response arises by testing the forward movement of the AUV and the directed yaw angle of 0.78 rad. It can be chosen that = 1.914 seconds and = 27.97%. in addition, the control system designed is also able to bring the pitch angle according to the reference, which is 0 radians.in addition, the control system designed is also able to bring the pitch angle according to the reference, which is 0 radians.
[ Figure 5 about here.] Whereas the step response for roll angles is shown in Figure 5 . It was clearly seen that the control system that was designed was able to stabilize the roll angle, namely by showing the response of the roll angle to be around 0 radians. Roll angle deviation that occurs at the beginning, due to the effect of changing the yaw and pitch angle when the AUV starts moving forward.
IV.CONCLUSION
The SDRE-LQT control method works quite well when there is a nonlinearity factor of system, namely the influence of roll angle and pitch angle thet affects yaw angle state, which causes overshoot and undershoot, where SDRE-LQT controller is able to control the AUV yaw angle according to change reference signal given with a small steady state errror, = −0.01282 %.
V.SUGGESTION
Suggestions for further research can discuss yaw angle orientation control by considering the addition of sea current disturbance which causes the parameters to be uncertainty. 
